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FOREWORD

This report contains information on full-scale crash testing of a modified W-beam transition with
timber blockouts that may be of interest to those who select, locate, and design traffic barriers.
This crash test was performed to evaluate a modified W-beam transition design (on steel posts
with timber blockouts) to the vertical flared back concrete bridge parapet according to NCHRP
Report 350 guidelines.

The W-beam transition was modified by using 150-mm by 200-mm by 360-mm timber
blockouts on W150x12.6 steel posts. A full-scale crash test with the 2000-kg pickup truck
traveling at a nominal speed and angle of 100 km/h and 25 degrees, respectively, was performed
on the modified G4(IS) guardrail with timber blockouts. The modified system contained and
redirected the 2000-kg pickup. However, the pickup rolled over after exiting the test installation.

The modified W-beam transition (on steel posts with timber blockouts) to the vertical flared back
concrete bridge parapet did not meet the evaluation criteria set forth in NCHRP Report 350.

4&4‘%‘

Ostensen
Director
Office of Safety and Traffic
Operations Research and Development

NOTICE

This document is disseminated under the sponsorship of the Department of Transportation in the
interest of information exchange. The United States Government assumes no liability for its
contents or use thereof. This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trade and
manufacturers’ names appear in this report only because they are considered essential to the
object of the document.
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I. INTRODUCTION

The Federal Highway Administration (FHWA) has recently adopted the new
performance evaluation guidelines for roadside safety features set forth in National
Cooperative Highway Research Program (NCHRP) Report 350." In addition, FHWA has
required that all new roadside safety features to be installed on the National Highway System
(NHS) after September 1996 meet the NCHRP Report 350 performance evaluation guidelines.
Most of the existing roadside safety features were tested according to the previous guidelines
contained in NCHRP Report 230.9 It is, therefore, necessary to test existing roadside safety
features to evaluate how they would perform under the new guidelines.

Under a previous FHWA study, a series of crash tests was conducted with the 2000P
test vehicle on the more commonly used guardrail systems, one of which was the W-beam,
strong-steel-post, G4(1S) guardrail system. The G4(1S) guardrail system was crash tested in
accordance with NCHRP Report 350 test designation 3-11, i.e., impact by a 2000P test
vehicle at a nominal speed and angle of 100 km/h and 25 degrees. The guardrail successfully
contained and redirected the test vehicle, but the vehicle rolled over on its side after exiting
the test installation and the performance of the guardrail system was judged to be
unsatisfactory.® The vehicle rollover was the result of the front wheel assembly snagging on
a post. The snagging problem was attributed to a number of factors, including the collapse of
the steel blockout due to low torsional strength, the shallower blockout depth, the geometrical
shape and lack of torsional stiffness of the posts, the resulting larger dynamic deflections, and
the short front overhang on the pickup truck.

The G4(1S) W-beam guardrail system was subsequently modified and retested under
another FHWA study. The modification consisted of replacing the W150x12.6 steel blockouts
with 150 mm by 200 mm timber blockouts. The modified G4(1S) W-beam guardrail system
with timber blockouts successfully contained and redirected the 2000P vehicle which remained
stable during and after the impact sequence. The modified G4(1S) guardrail system was
judged to have performed satisfactorily in accordance with evaluation criteria for NCHRP
Report 350 under test level 3 (TL-3) conditions.®

With the satisfactory performance of the modified G4(1S) W-beam guardrail system
with timber blockouts, FHWA decided to evaluate a transition design from a W-beam, steel-
post guardrail system with similar modification (i.e., timber blockouts) to a vertical flared
back concrete parapet. This report contains the results of the crash test conducted on this

modified transition design with a 2000-kg pickup truck under NCHRP Report 350 test level 3
conditions.






II. STUDY APPROACH

2.1 TEST ARTICLE

The standard W-beam transition (on steel posts) to the vertical flared back concrete
parapet is detailed in FHWA Technical Advisory No. T 5040.26 dated January 28, 1988,
which is included in its entirety in appendix A. The details of the standard W-beam transition
on steel posts are shown in figure 3B of the Technical Advisory.

A flared back vertical parapet wall and a short section of concrete safety shaped
barrier was constructed according to details shown in figure 3C of the Technical Advisory in
appendix A. The modified W-beam transition (on steel posts with timber blockouts) shown in
figure 1 was then attached to the parapet. As mentioned previously, the difference between the
modified and the standard W-beam transition design is the use of 150 mm by 200 mm timber
blockouts in place of the W150x12.6 steel blockouts. A cross-section of the modified post
detail is shown in figure 2. The transition design consists of: 1830 mm long W150x12.6 steel
posts spaced as shown in figure 1, 150 mm by 200 mm by 360 mm long timber blockouts,
and nested 3.8 m long 12-gauge W-beam rail elements. The offset depth of the timber
blockout is 190 mm. A 100-mm wide channel is routed out and centered on the post side of
the blockout to fit over the face of the post. The W-beam rail elements and timber blockouts
are attached to the posts with 16-mm diameter carriage bolts without washers. The bolt hole
on the blockout is offset to match one of the two bolt holes on the post. The height of the
transition to the center of the W-beam rail element is 550 mm.

The completed test installation consisted of: a short section of concrete safety shaped
barrier with the flared back parapet wall, a 7.6-m long transition section, a 34-m long
modified G4(1S) guardrail length-of-need section, and a ET-2000 terminal. Photographs of the
test installation are shown in figure 3.

2.2 CRASH TEST CONDITIONS

2.2.1 NCHRP Report 350 Test Designation

According to NCHRP Report 350, two tests are required to evaluate the performance
of the transition section of a longitudinal barrier under the TL-3 test conditions:

1. Test designation 3-20: An 820C vehicle impacting the transition
section at a nominal speed and angle of 100 km/h and 20 degrees at the
critical impact point (CIP) of the transition. The purpose of the small
car test is to evaluate the overall performance of the transition in
general, and occupant risks in particular.
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Figure 2. Cross-section of W-beam transition (on steel posts with timber blockouts).
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Figure 3. W-beam transition (on steel posts with timber blockouts) before test 405491-2.



Figure 4. Transition attachment to flared back concrete bridge parapet.



Test designation 3-21: A 2000P vehicle impacting the transition
section at a nominal speed and angle of 100 km/h and 25 degrees at the
CIP of the transition section. The purpose of this test is to evaluate the
strength of the transition section in containing and redirecting the 2000P
vehicle.

Since test designation 3-20 is similar to the small-car test required under NCHRP
Report 230 guidelines, only test designation 3-21 was performed under this study.

2.2.2 NCHRP Report 350 Evaluation Criteria

The crash test performed was evaluated in accordance with the criteria presented in
NCHRP Report 350. As stated in NCHRP Report 350, “Safety performance of a highway
appurtenance cannot be measured directly but can be judged on the basis of three factors:
structural adequacy, occupant risk, and vehicle trajectory after collision.” Accordingly, the
following safety evaluation criteria from table 5.1 of NCHRP Report 350 were used to
evaluate the crash test reported herein: '

Structural Adequacy

A. Test article should contain and redirect the vehicle; the vehicle
should not penetrate, underride, or override the installation
although controlled lateral deflection of the test article is
acceptable.

Occupant Risk

D. Detached elements, fragments or other debris from the test article
should not penetrate or show potential for penetrating the
occupant compartment, or present an undue hazard to other
traffic, pedestrians, or personnel in a work zone. Deformation
of, or intrusions into, the occupant compartment that could cause
serious injuries should not be permitted.

F. The vehicle should remain upright during and after collision
although moderate roll, pitching and yawing are acceptable.

Vehicle Trajectory

K. After collision it is preferable that the vehicle’s trajectory not
intrude into adjacent traffic lanes.



L. The occupant impaét velocity in the longitudinal direction should
not exceed 12 m/s and the occupant ridedown acceleration in the
longitudinal direction should not exceed 20 G’s.

M.  The exit angle from the test article preferably should be less than
60 percent of the test impact angle, measured at time of vehicle
loss of contact with the test device.

2.3 CRASH TEST AND DATA ANALYSIS PROCEDURES

The crash test and data analysis procedures were in accordance with guidelines
presented in NCHRP Report 350. Brief descriptions of these procedures are presented as
follows.

2.3.1 Electronic Instrumentation and Data Processing

The test vehicle was instrumented with three solid-state angular rate transducers to
measure roll, pitch and yaw rates; a triaxial accelerometer near the vehicle center-of-gravity to
measure longitudinal, lateral, and vertical acceleration levels, and a back-up biaxial
accelerometer in the rear of the vehicle to measure longitudinal and lateral acceleration levels.
The accelerometers were strain gauge type with a linear millivolt output proportional to
acceleration.

The electronic signals from the accelerometers and transducers were transmitted to a
base station by means of constant bandwidth FM/FM telemetry link for recording on magnetic
tape and for display on a real-time strip chart. Calibration signals were recorded before and
after the test, and an accurate time reference signal was simultaneously recorded with the data.
Pressure sensitive switches on the bumper of the impacting vehicle were actuated just prior to
impact by wooden dowels to indicate the elapsed time over a known distance to provide a
measurement of impact velocity. The initial contact also produced an "event" mark on the
data record to establish the exact instant of contact with the installation.

The multiplex of data channels, transmitted on one radio frequency, was received at
the data acquisition station, and demultiplexed into separate tracks of Inter-Range
Instrumentation Group (I.R.I.G.) tape recorders. After the test, the data were played back
from the tape machines, filtered with an SAE J211 filter, and digitized using a
microcomputer, for analysis and evaluation of impact performance.

The test vehicle was instrumented with five uniaxial accelerometers mounted in the
following locations; (1) center top surface of the instrument panel; (2) inside end of right
front wheel spindle; (3) inside end of left front wheel spindle; (4) top of engine block; and (5)
bottom of engine block. The exact location of each accelerometer was measured and is



reported in table 1. These accelerometers were ENDEVCO Model 7264A low mass
piezoresistive accelerometers with a +2000 g range.

Table 1. Locations of vehicle accelerometers for test 405491-2.

X (mm) Y (mm) Z (mm)
Location (distance from | (distance from | (distance from Data Axis
front axle) centerline) ground)
Instrument panel -660 -120 -1300 X
Right front 0 +690 385 X
wheel spindle
Left front
wheel spindle 0 -690 -370 Y
Top of +75 0 -965 X
engine block
Bottom of 270 0 -400 X
engine block
Vehicle c.g. -1500 0 -750 X,Y,.Z
Vehicle rear axle -3300 0 -890 X,Y,Z

The data from these uniaxial accelerometers were captured using a Prosig P4000 data
acquisition system. The P4000 is a modular, distributed data acquisition system based on
independent data collection elements called POD’s. Each POD has four high-speed analog,
three digital and time-zero inputs. The POD’s sample synchronously at up to 10,000 samples
per second, per channel, with 12-bit resolution. Non-volatile memory holds up to 13 s at the
maximum data rate. Analog inputs have integral, strain gauge accelerometer signal
conditioning and anti-aliasing filters. Each channel has a fully programmable amplifier and
input offset adjustment. After extracting the data from the POD units to the host computer,
fourth order, Bessel, digital filtering is used to produce SAE J211 data for processing. Data
capture is started by a trigger pulse from a bumper switch or a predefined g level. Twenty-
five percent of the captured data is prior to the trigger signal.

The digitized data were then processed using two computer programs: DIGITIZE and
PLOTANGLE. Brief descriptions on the functions of these two computer programs are
provided as follows.

The DIGITIZE program uses digitized data from vehicle-mounted linear
accelerometers to compute occupant/compartment impact velocities, time of

10




occupant/compartment impact after vehicle impact, and the highest 10-ms average ridedown
acceleration. The DIGITIZE program also calculates a vehicle impact velocity and the change
in vehicle velocity at the end of a given impulse period. In addition, maximum average
accelerations over 50-ms intervals in each of the three directions are computed. For reporting
purposes, the data from the vehicle-mounted accelerometers were then filtered with a 60 Hz
digital filter and acceleration versus time curves for the longitudinal, lateral, and vertical
directions were plotted using a commercially available software package (QUATTRO PRO).

The PLOTANGLE program used the digitized data from the yaw, pitch, and roll rate
transducers to compute angular displacement in degrees at 0.00067-s intervals and then
instructs a plotter to draw a reproducible plot: yaw, pitch, and roll versus time. These
displacements are in reference to the vehicle-fixed coordinate system with the initial position
and orientation of the vehicle-fixed coordinate system being that which existed at initial
impact.

2.3.2 Anthropomorphic Dummy Instrumentation

An Alderson Research Laboratories Hybrid II, 50th percentile male anthropomorphic
dummy, restrained with lap and shoulder belts, was placed in the driver’s position of the
820C vehicle. The dummy was un-instrumented. Use of a dummy in the 2000P vehicle is
optional according to NCHRP Report 350, and there was no dummy used in this test with the
2000P vehicle.

2.3.3 Photographic Instrumentation and Data Processing

Photographic coverage of the test included three high-speed cameras: one overhead
with a field of view perpendicular to the ground and directly over the impact point; and one
placed behind the installation at an angle; a third placed to have a field of view parallel to and
aligned with the installation at the downstream end. A fourth high-speed camera was placed
onboard the vehicle to record the motions of the dummy placed in the driver seat during the
test sequence. A flash bulb activated by pressure sensitive tapeswitches was positioned on the
impacting vehicle to indicate the instant of contact with the installation and was visible from
each camera. The films from these high-speed cameras were analyzed on a computer-linked
Motion Analyzer to observe phenomena occurring during the collision and to obtain time-
event, displacement and angular data. A 16-mm movie cine, a Betacam, a VHS-format video
camera and recorder, and still cameras were used to record and document conditions of the
test vehicle and installation before and after the test.

2.3.4 Test Vehicle Propulsion and Guidance

The test vehicle was towed into the test installation using a steel cable guidance and
reverse tow system. A steel cable for guiding the test vehicle was tensioned along the path,

11



anchored at each end, and threaded through an attachment to the front wheel of the test
vehicle. An additional steel cable was connected to the test vehicle, passed around a pulley
near the impact point, through a pulley on the tow vehicle, and then anchored to the ground
such that the tow vehicle moved away from the test site. A 2 to 1 speed ratio between the
test and tow vehicle existed with this system. Just prior to impact with the installation, the
test vehicle was released to be free-wheeling and unrestrained. The vehicle remained free-
wheeling, i.e., no steering or braking inputs, until the vehicle cleared the immediate area of
the test site, at which time brakes on the vehicle were activated to bring the vehicle to a safe
and controlled stop.

12



[II. CRASH TEST RESULTS

3.1 PICKUP TRUCK REDIRECTION TEST (TEST NO. 405491-2)

A 1989 GMC 2500 pickup truck, shown in figures 5 and 6, was used for the crash
test. Test inertia weight of the vehicle was 2000 kg, and its gross static weight was 2075 kg.
The height to the lower edge of the vehicle bumper was 455 mm and it was 685 mm to the
upper edge of the bumper. Additional dimensions and information on the vehicle are given in
figure 7. The vehicle was directed into the installation using the cable reverse tow and
guidance system, and was released to be free-wheeling and unrestrained just prior to impact.

3.1.1 Test Description

The test vehicle, traveling at a speed and angle of 99.8 km/h and 25.3 degrees,
impacted the transition section 150 mm upstream of post 4, which was determined to be the
Critical Impact Point (CIP). Shortly after impact, movement was noted at posts 4, 3, and 2,
respectively. At 0.022 s, the front of the vehicle made contact with post 3 and, at 0.024 s,
post 1 began to move. The front of the vehicle made contact with post 2 at 0.039 s and with
post 1 at 0.053 s. At 0.066 s, the front of the vehicle impacted the end of the flared back
concrete bridge parapet. The vehicle began to redirect at 0.068 s and the bridge parapet
began to move at 0.077 s. At 0.194 s, the vehicle became parallel with the transition, traveling
at a speed of 72.4 km/h. The rear of the vehicle impacted the W-beam rail element at 0.245 s
and the concrete parapet at 0.272 s. At 0.289 s, the rear bumper caught on the bridge parapet.
The vehicle lost contact with the bridge parapet at 0.573 s, traveling at an exit speed and
angle of 66.2 km/h and 18.5 degrees. As the vehicle exited the test installation, it yawed
clockwise and rolled counterclockwise. The vehicle rolled 360 degrees and subsequently came
to rest facing the impact point 47.5 m down and 11.9 m forward. Sequential photographs of
the test period are shown in figures 8 and 9.

3.1.2 Damage to Test Installation

Damage to the installation is shown in figures 10 through 13. Posts 6 through 1 were
pushed back 10 mm, 35 mm, 85 mm, 125 mm, 160 mm, and 140 mm, respectively. The
timber blockouts were damaged as shown in figure 12. There were tire marks on the face of
the W-beam rail element and on the concrete parapet (see figure 13). There were shear
cracks in the parapet and the parapet was pushed away from the bridge deck 35 mm, as can
be seen in figure 13. Total length of contact ofithe vehicle with the installation was 4.1 m.

13



Figure 5. Vehicle/installation geometrics for test 405491-2.
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Figure 6. Vehicle before test 405491-2.
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oate: _02/22/96 1eST NO.: __405491-2 vin N0 _1GTGC24K3KES540Q0879
vear: _1989 MAKE: GMC mooel: 2500 pickup
TIRE INFLATION PRESSURE: obomeTer: 1927583 TRe size.__245 75R16
MASS DISTRIBUTION (kg) F__550 RF 525 LR 479 RR 446
DESCRIBE ANY DAMAGE TO VEHICLE PRIOR TO TEST:
v ® Denotes accelerometer
T location.
: , NOTES:
o e : @ VEHICLE C[VTV;‘AE&
enoine Tyee 8 cylinder
— ENGINE size. S.7 L
] TRANSMISSION TYPE:
O TEST INERTIAL C.M. X auto
— MANUAL
WHEEL DIA Q—
< OPTIONAL EQUIPMENT:
] g
- { =/ D
L~ —® Y
T — AN l ] I DUMMY DATA:
]K ‘ \C)) i O ] TYPE: t rc_m
- mass: _76 kg
L5 ° o ¢ seat posimion:_Driver
M, VM,
F
GEOMETRY — (mm)
a_._890 e 1250 J 1090 N__1590 750
8760  f_B360 = «__ 695 o__ 1630 s__ 940
c_3350 = _.1549.4 80 P 770 11500
01850 4 M 455 Q 440 u__3300
TEST GROSS
MASS - (kg) CURB INERTIAL STATIC
M, 1097 1075
M, 834 925
M, 1931 2000 2076

Figure 7. Vehicle properties for test 405491-2.
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0.232s

Figure 8. Sequential photographs for test 405491-2
(overhead and frontal views).
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0.330s

0428 s

0.526s

0.624 s

Figure 8. Sequential photographs for test 405491-2
(overhead and frontal views) (continued).
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Figure 9. Sequential photographs for test 405491-2
(rear and onboard views).
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Figure 9. Sequential photographs for test 405491-2
(rear and onboard views) (continued).
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Figure 10. After impact trajectory for test 405491-2.
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Figure 11. Transition after test 405491-2.
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Figure 12. Damage to blockouts at posts 1 through 3 after test 405491-2.

23



Figure 13. Damage to concrete parapet after test 405491-2.

24



3.1.3 Vehicle Damage

The vehicle received extensive damage as shown in figure 14. Damage to the left
front wheel assembly included the upper and lower A-arms, tie rods, stabilizer bar, pitman
arm, and steering box, and the tire, wheel and spindle were torn from the vehicle. The frame
was bent and the floorpan was buckled. The front bumper, hood, grill, fan, radiator, left front
quarter panel, left door, left side of the bed, and left tire and rim were also damaged. The
roof, windshield, both door windows, and the right side of the vehicle were damaged during
the rollover.

3.1.4 Occupant Risk Values

Data from the accelerometer located at the vehicle center-of-gravity were digitized for
evaluation of occupant risk and were computed as follows. In the longitudinal direction, the
occupant impact velocity was 9.3 m/s at 0.157 s, the highest 0.010-s occupant ridedown
acceleration was -10.4 g from 0.147 to 0.157 s, and the maximum 0.050-s average
acceleration was -11.6 g between 0.066 and 0.116 s. In the lateral direction, the occupant
impact velocity was 6.9 m/s at 0.116 s, the highest 0.010-s occupant ridedown acceleration
was 17.6 g from 0.148 to 0.158 s, and the maximum 0.050-s average was 10.8 g between
0.058 and 0.108 s. These data and other pertinent information from the test are summarized in
figure 15. Vehicle angular displacements are displayed in figure 16. Vehicular accelerations
versus time traces are presented in figures 17 through 27.
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Figure 14. Vehicle after test 405491-2.

26



"T-16¥S0p 159} 10§ sj[nsa1 Jo Areunung g1 omgng

Q6 e Aacﬁv O_QC< Mme, ‘Xeln
61~ " (Bop) ejBuy youg ‘xep TW9 ottt uonoepz 9L0T "' oneis ssoip
09g- ' " (Bop) ejbuy joY ‘Xey 8'0L "ttt uonoedp-A 9L v Awuing
loneyeg uOQQE.-uﬁO& Q'L "ttt uoROeIIp-X 0002 ' ' jeljeu| )se}
(s,6) eBeioAY §-0G0°0 XeW LE6L ** 't qunD (By) ssely
€€l "' (ww) uopewsojeq Tttt (jeuopdo) Sy dnyoid 00GZ DD 6861 * "t PO
.u._WQEOU ‘000 ‘Xeyy rerr ey :GCO_uQOV QHd d0ooe "ttt :O_uGCO_QOG
009 '’ {wuwy) ysnid ooIye 91 .............:O_~005_3.> UOHONPONg t Tttt trrrrrees 0&>.F
J0419IX3 wnwiixewn $OL- "ttt uonoedip-xX Q0IYeA 180 ]
L00ZOZOSd "'ttt 1320 (5,0) suones0(eooy UMOpPePNY Ap ‘o8 piepuess *** ' uonIpuod pue ediy |iog
Jouelu)| st A_Nco_unov AHL jedesed 91010000 Noeqpesey ottt SIUBWIBYO
£OHAQL00 ® 6’9 "t CO_H—OO.__ﬂY> {edNRIBA 0} SIN0HO0|q POOM UM >0v— JO |elsejeus pue
PAIALLL 1 0A0 €6 "ttt uonovlIp-X s)sod |e8ls uo wieeq-p\ pPOISON uoisusuwip Jo/pue o9zig
pLRILLE (s/w) AnoojeA 10eduy| Ty " (w) ybue uonejelsy)
GO4TLL "ttt sAA w03_0>v_w_Cu:wn300° UOIHSURI) WBOG-M . * " * " Tttt gwieN
Jouelxy G'8l .............AGDHJD_OC< uonisues | ................OQ>._-
eBewseq ojoiyen 299 U (yjwy) peeds ejonJy 158
SUONIPUOD AIX3 96/22/20 "' ttcttiiicct eleg
Q9L "ttt jueuewled £°'§Z .............AGO_..:O_U:< Zlevsop vttt roNiIsel
VIN Tttt O_EGC>Q 8'66 (R (FYITT) | UDDQW aynnsuy)| :O_u@u.—Ochmu._- sexe| *“°tccctttctt >OC¢@< 180}
(wuws) suonoeyyeq ooy 188 ] suonipuo?) yoedw| uopeWIOU| [RIOUSE)
15}3WOIP WW gy | W Gy !
aq o} syso|1q 8]0dg 0} joN
% s)sod up s8joH $90160p QQC PaIIO B|OIYIA
\J ¥oo|q suid
wgynos pajbas
o onww_om 7 Esgwonxoﬂw.ém_ I~ M\ w6l
wy €02 X+
b gy ~ 6z cal
t ww 09¢ {
ww g/1 ﬁ L] ]
ooz |-
ww 002
8 926'0 $0£€'0 $ 000°0

27



1oy °¢
youd 'z
mex |

S| UOIRIUSLIO
Surupua)op 1oy sousnbag

*PIXIJ JOIYIA e SOXY
,:MMWN.
Ae i
~ O) —,
L RTtrd ="
° —

(spuooas) awi ],
S0

“Z-16¥S0OP 1591 10} sjuswaoe|dsip ren3ue 9o1YsA ‘9] 31

yond

S$190npSuBI] )Yy PIAIUNOIA SOIYSA

T16VS0Y IS9L Yser)

001-

(s92185p) Juswaoedsi(q

001

28



"(A1ARI3 JO 191U JB PAJROO] I9)9UWI0I[II0R)
Z-167S0p 159) 10J 30B1) I9}9W0II[008 [eUIPMISUO] S[OIYSA °£] 2m31]

a8eroAy 09sW-0§

PNMAZH 09 —

(spuodas) 1oedw] 1Yy dwi],

I 60 80 Lo 90 S0 70 €0 70 10 0
j m m m m m m m m m - os
.........
.........
I s
' ] | | [} | 1 | u
......... e i | 1 A0 O A <
S S SRR SRR R A L SO |7 - E
| " | “ | " | _ " 3
L>,>uQn|<DJMm»UII§||KVI.|+_7H>M,<|<|| .ﬂ | i AV .r AN _f ||||| .W| -0 w
| | " " " " | " " o,
| 1 ] ] t 3 ] 1 I 9
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| L -
_ " " " | __ | | " &
R I N L o o ] -
t 1s0d woyy dn wwt g5 - Sap ¢'s7 :9ISuy 1S9, “ ! ! " ! 01 )
Yy g'66 :paeds 1o, ! ! ! ! ! <
i 8399L07 yBrom opmisssorn | T T L LT . . |
33 000T :WStoM erpou] 353, | | " " ;
I dnyord 00SZ OIND 6861 PIOYPAISSL |~ 777 T FTTTTTT P e T - 0C
1odered a3p11q 23010u00 yoeq ! ! ! " m
- palefj o) (s;noxoo[q Jequm YUMm. |F- - st oo FoooTooos rooToooos i r
s3sod 1995 UO) UOnISURT) WESq-M :I[IINY 1S9, “ ! ! ” !
[l ] ] ] i ] 1 1 I om

A)ARIS JO J2JU9D B JIOJOWOII[IIDY

CTI6VSOY 1S9 L ysea)

29



*(A11ARI3 JO I0JUID Je PRI I9JAWOIS[I08)
Z-16FS0F 1591 10J 9981} I9]OWOIII0L [RIdNR] S[OIYIA ‘8] 231
NAZHO9 —

a8eIoAY d9smI-Qg

(spuo9d9s) yoedury 19)Jy owi],

||||||||| T||||||||+l|:||xa|."|||||||||1 01-

1 60 80 Lo 90 S0 v'o €0 (4 10 0
e B e S S e e
......... S O S SO SO SRR SN |
......... e e e e Rt I 2

p 1s0od woxy dn ww G| - Sop €67 9[8uy 1S9 m
Yy 8°66 :paads 1S3, '

31 9L0T ySropm onwIgSSOID [T “

330007 Y3roMm e1Iou] 1S9 "

o dnxord 00SZ DIND 6861 :S[OMUSA 19T :
1adered o8priq a3010uU09 Yorq "
- pore[] 01 (SINOYO0[q IoqUI YpIM  fm-m---- :
s)sod [99)s UO) UoOT)ISURT) WRAQ-A\ :IOIMY 1S3, _

i ] ] ]

Rl B B e

0¢
A11ARIS JO 191U J IS)OWOII[300Y

TI6YSOY ISAL yser)

30

(s.8) uoneIs[200YV RIS



*(A31ARIS JO INUID B PI)LOO] IOJOWOINI0R)
Z-16¥S0¥ 1591 10 2081} 19)9UI0II[3I08 [BOTLIDA S[OTYIA 6] 2InS1
a3e1dAY d9sW-0§

PWPIZH 09 —

(spuodas) yoedw] 10y sw]

B ¢ 1sod woxyy dn ww oG | - Sop ¢'s7 :9Suy 1S9,
yun] 866 :paads IsaL,
i 34 9L0T Y319 d1RIS SSOID
80007 yBrom emaouj 3sa,
- dnyord 00SZ DIND 6861 :OIOIYOA ISOL
1odered 938piq 93010U09 Yoeq

L pateyj 03 (sINo30[q Iaquum) Ym

sysod __ooam U0) UoIjISuRI) Weag-p OIMNY 1S9

! 1 ] !

0t-
- ch
o &
=3
Q
=N
>
a
-0 &
[¢]
5
Q
=]
o
"0l
N’
- 0T
0¢

A11ARI3 JO J19)UID B J2)PUI0II0OY

C16¥S0V IS3L yser)

31



“(3[Xe 1831 I9A0 PIJEOO] I9)OWI0IIIIE)
T-16¥S0¥ 159} 10J 908I) I9}OWO0I[IDIR [euIpnISUO] I[IIY2A ‘0T dINT1,]
WPNAZHO09 —

98eIoAY d9suI-(¢

(spuooas) 1oeduwr] 1oy swil],
60 80 Lo 90 S0 ¥o €0 [44Y I'o 0

 1sod woxy dn wrwx ¢ - 89p £67 98UV 159 L
Y/un] 8'66 -paads IsaL,

339207 y31oM oNRIS SS0ID

33 0002 ySroMm erouy 159,

1adered a8priq 93210U00 yoeq
parefj 0) (sINOYIO0[q JoquU YpM oo
s3s0d [99)s UO) UOTYISURI) WIBAQ-A\ :OITMIV 1S3,

duyord 00ST DD 6861 PPIYOAISOL, [~~~ !
|

9JXe JeAl JIAO0 JIPWOIIINY

CI6VSOP IS9L ysed)

0c-

o =
in

(=
(s,8) uoneis(eooy reurpmiduoy

0T

32



*(3[Xe 891 IOA0 PIJEOO] I9JOWOIS[3208)

7-16¥S0t 1591 J0J S99} 19)WI0II[II0. [eIde] JPIYIA [T 3L

ageIoAy 99sWI-QS

(spuo9as) 1oedw] Joyy Suwi],

PMIZHO09 —

1 60 80 L0 9'0 S0 v'0 €0 0 10 0
] 3 ¢ 1 ] | | 1 | | |
" " | " " | | | |
IIIIIIIII _lll|lll...I._....ll!|.|ll|_lllllllll_lllIIIIII.IIIIIIIII_I...l0l...lll_rllIIIIII._.Illlllllu—.lllllllll
| " | | " “ “ | "
i 1 1 1 [} t 1 i 1
| " | | | " | " "
| | D o L ]
1 1 I 1 ] ' ' 1
| i 1 1 ] ) ] 1

 1sod woxy dn ww 951 - 39p €'67 98Uy I1s9L
y/uny 8°66 -paads 1S9,

339207 :y31oM d1EIS SSOID

3% 000T y3rom enuau 1591,

i dnyord 00$Z OIND 6861 :P[IYPAISSL [~~~
1adered o3pLiq 91210U00 Nyorq
i parey o) (sjnojoo[q Joqumi ypm - oo
s)sod [99)s U0) UONISURY) WIRAQ-M O[IIMY 1S9,

R T
|
'
!
!
!
I
!
|
Q

R e R
|
1
1
1
|
t
!
|
i~
[
[
1
|
1
[
!
!
-

----5----
1
1
1
|
1
1
|
1
-

9[Xe Jedl JOAO JJWOI3[2I0Y

T 16¥SOY IS3L yselr)

0T

e =
(s5,3) uonera[o0V eIsIE ]

(=
—

0T

0t

33



"(9[Xe JB2I IOAO PIJBIO] JOJOWOI[IJIE)
Z-16¥S0¥ 1591 10J 3081} I9)OUIOID[II0R [BIIMISA J[OIYSA 'ZZ dInd1g

PHAZH 09 —

9FeI0AY dosuw-g¢

(spuo29s) yoedwy J0)y swi],
60 80 Lo 9'0 $0 70 €0 0 I'0

¥ 1sod wioyy dn ww oG] - 3ap ¢°¢7 9Suy 1S9,

patey o) (snoxyoo[q Jequm P 00000 f-------
sysod [99]s UO) UOIISURT) WEAQ-M O[OIMY 1S9

. y/un] 8°66 peadg sag,

81 9L0T WS1oM 2nE)S SS01D

35 0007 YStop eruou[ 1S9,

dnxjord 00SZ OINID 6861 :9IOIYIA 353,
odered a8p1iq s3010U00 Yoeq

] ! t [l

|
(=4
p—

'
(=]
—

9[Xe Jedl JISA0 JJWOIIIIVY

CI6VSOP 1S3 yser)

0¢

- ONI

(s.3) uoners[a00Vy [eONISA

34



*(joued JuswnySuI U0 PojROO] I9)SUWO0IS[OIOR)
T-16¥S0¥ 159} 10J 901} ISJOWI0II[3038 [euIpnIBUO] S[OIYSA €7 231

1ML 081 sse)D

(spu093s) 1oedu] 10y SwL],
I 60 80 Lo 90

1) 14\ £0 (4] o 0

T I
]

- T 4
. llTWﬁg

S e e

N e N

S N B F!L |

R |

ST gg ]

T 41J§
O, I W A __T |
RS R |

—  1sod woy dn wwi g1 - Sap £°S¢ PIFUY IS9L
y/un| 866 -paads 1S3,
— 3% 9207 WS1oM dNBIS SS0ID
33 0007 y3rop e1euT IS
- dmyprd 00ST OIND 6861 BIOIYSA 1591,
1adered 93pLIq 93010U09 Yorq

- paiefy o1 (SIOYO0[q JOqUIT} UM

sjsod [99)S UO) UOHISUEBI) WIBSG-A\ O[OIIY 1S3

SN I I ER B
- 1T 1 T
I A A R B

[sued "nsur Jo doy Je J91PWOI[RI0Y

TI6¥S0Y IS9L user)

L

0T-

o1-

- 01

- 0T

- 0g

(s 3) uoneIs[00y [eUpMISuUO]

35



"(199YMm 14311 HO PaJEOO0] 19JOWOIS[9IE)

T-16¥/S0¥ 1591 10§ 90B1) IS)OWI0ID[I0E [eIdje] OIS A “HT oIS

1011 081 SR[D
(spuo9oas) joedw] 101y wi],
I 60 80 L0 90 S0 o0 €0 0 10 0
n _ n 1 .
| |  1sod wioy dn wiwr (g1 - Sop £'57 :9[Suy 159 | |v|1! L T L ‘f L l_ _ _nl 1
/ur] 866 :paads 1saL
i 349L0T WBom onEIg SS0ID | .;L| L r L F L IV L _I ]

3% 000Z M31oM eruIouy I3,
dmjord 00ST OO 6861 :9IOTY9A 1891 _ _ _ ‘
1adered a8priq 93a10u00 Jyorq _ ; ‘ ‘
parej) 03 (SINOYO0]q JOqUIT) YiIM
sysod ~02m uo) :oz_mcab uresq-~ 3 oY umo._‘ T _ - T ._‘ |_| rl l‘

A A —
— ===t =4 == — 4 — -

e D e Y B
I A s e A B

199y Y311 UO 19JOW0IA[AIIY

CI6VSOP IS L yser)

[~

i Ob-

- 0t~

o
Q3

(=]
(s.8) uoneis[a0oy jeraje]

- 01

- 0T

36



*(Jo9yM 1J3] UO I3}OW0IS[3008)
7-16¥S0¥ 1591 10] 20€1) I9)aWO0I[A00R [RIa)e] S[OIYSA 'S7 amS31]

131 081 SSB[D

(Spuo929s) 1oedwi] 19y Wi,

IS S S IS S o

I el e I w11 5
=t 4~ — ] —H{ e
I s S S N I e

- - - — - - T - T T - ov

_ _ _ _ _ * f _ _ " 08
IR N AN N N BN B L CL OO i) D
-4+ 44— = = o
HHMHHWHHHHHHWHWHHHLH|WHHW
,Li;ftpl_r¥*%1fla
-
¥
T

B p 150d woxy dn wrw (g - Sop £°c7 ABUV ISAL | |_| o A_'l ‘_x H H' H H T B H 0s
B wunge6 padsasar [ | T T T T | — 09
— 8 9L0z aySom onmIgssorny - — — — — — — — — — — —| —— -/
— 340007 YSIoM eIIOUT IO | |_| - r —_ Iﬁ S |_ - _’ — 1 o8
L dusjord 00ST OND 6861 PPIYPAIPL | L S |
1odered 98p1iq 93010u09 Yorq _ .“ \_v ‘ T 06
B parej 0} (SIN0300[q JOQUIT} Im [ I_l| T ﬁ T M l| lI_ - T ﬂ — | 001
— s)sod [02]S UO) UONISURY) WESq-M OPIMYISeL — — | — — — SR [ — — 1 o011
_ | _ _ _ _ _ | | - oz

[99YM J9] UO JSJOWOII[IIIY

C-16¥S0Y ISIL yser)

37

(s.8) uornre1o[200V [e19)e



‘(10019 2urSus Jo do) Ho psyeso] 19JPWOIR[0IE)
7-16SOP 1591 10J 98] 19)OW0II[3298 [UIPNYZUO] A[OIYIA ‘97 231

1411 081 SSBID

I 60

80 Lo 90

(spuooss) 1oedwy 1oy swi ],

- €0 ¥'0 €0

i

 3sod woxy dn wiw (G| - Sap €£'67 :9[3uy 1S9,

yuny 8'66 -paadsIsal

8 9,07 yB1ap onelg ssoI1n

89 0007 YSrom enouf 191,

drypord 00SZ DIND 6861 :OIPIYSIA 1891

— 1adered a3p1iq 93215u09 yoeq
palej o} (sIN0X00[q JaQUI) YIm
— sysod [29]S UO) UOHISUERK) WESq-M 9[OIUY 1SS,

——— =+ —
——— = —
== —

- —

—— b —+—

| — e —

A —
b — it — b —
A — b —
e R e e e e

i Bl S B e S e
_ _ | _ _ | _ |

auiSua Jo doy Je 19)oWoI[I20Y

TI6VS0Y 1S9 L yser)

t 09~

- 0§

o
b

(=
o

o
Qq

o
—

- 0l

(s.8) uoneiseroy [e'u;pmgﬁuo'l

38



*(3[001q SUI3US JO WO}OQ UO P31800] 1519WI0IS[3I0E)
Z-16¥S0¥ 159} 10§ 9081} J3JOUI0IS[9008 [BUIPNIIBUO] SPPIYOA LT m3Lq

1L 081 S58[D

(spuooas) 8&&5 IOV dwiL],

1 60 80 Lo 9°0 v €0 (41 10 0
_ _ _ . i . i - O€-

I!Ll!Tlf LILiI

4 .||.|_I|II|I

t 1s0d wouy dn wiwi @G| - 89p €'67 93Uy 1AL
yun| 8'66 :p3dds 153 _
I 33 9L0T WS1oM NEIS SS0ID _ 7 _ _ _
8 0007 WS1OM BIMIOU] 1S3,
i doyoid 00ST DD 6861 PIPIYPA L |~ — | — T T T
jadeied o8priq 93915002 Yoeq 7 j \‘\ _ _||

||LllTl% L!LI!T #IL!I —
U N N R I D NN AU R | S—

sjs0d [99)S UO) UON)ISURT) WS- :9[OIMY IS,
| I | I

1 paiefy 0} (SIN0X00[q JoquI) YIM — |_| — 4l lﬁ — ln_ — T —
_ _ _ _ _

su1us JO WoH0q Je I9)OUW0IS[0Y

-16¥S0V 1531 yser)

0z-

- 01

- 0f

—° 0T

- 0¢

(s,8) uoneIoEooY [eurpmISUO]

39






IV. SUMMARY OF FINDINGS AND CONCLUSIONS

41 SUMMARY OF FINDINGS

The W-beam transition (on steel posts with timber blockouts) to the vertical flared
back concrete bridge parapet contained and redirected the vehicle through controlled lateral
deflection. The vehicle did not penetrate or go over nor under the transition. However, there
was some snagging of the vehicle as it impacted the end of the concrete parapet wall. There
were no detached elements or debris to show potential for penetrating the occupant
compartment or to present undue hazard to others in the area. Occupant deformations from
the initial impact were moderate and may not have caused serious injury. However,
deformations which occurred from the rollover after the vehicle exited the installation may
have caused serious injury. The vehicle remained upright during the collision and then rolled
360 degrees upon exiting the test installation. The vehicle yawed and then rolled into the
adjacent traffic lanes. The occupant risk factors were within the limits specified in NCHRP
350. The exit angle at loss of contact was 18.5 degrees, which was greater than 60 percent of
the test impact angle.

42  CONCLUSIONS

In summary, the modified W-beam transition (on steel posts with timber blockouts) to
the vertical flared back concrete bridge parapet did not meet the evaluation criteria set forth in
NCHRP Report 350 for test designation 3-21, as shown in table 2.
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APPENDIX A. FHWA TECHNICAL ADVISORY NO. T 5040.26 —_—
U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION

SUBJECT FHWA TECHNICAL ADVISORY
T 5040.26
GUARDRAIL TRANSITIONS January 28, 1988

Par. 1. Purpose

2. Background

3. Objective

4, Summary

5. Recommendations

6. Related Technical Information

1. PURPOSE. To transmit information pertaining to the design and
installation of the transition from an approach W-beam or thrie beam
guardrail system to concrete bridge rail, wingwall or parapet, or other
concrete barrier or rigid wall.

3.

BACKGROUND

a.

Nationwide, most bridge guardrail transitions consist of a semi-rigid
W-beam connecting to a rigid bridge rail. (Field reviews show that
the concrete safety shape bridge rail is the most common bridge rail
being constructed.) These transitions vary in detail with the most
common generally conforming to the design principles contained in the
1977 American Association of State Highway and Transportation
Officials' "Guide for Selecting, Locating and Designing Traffic
Barriers" (Barrier Guide).

Some of these guardrail transitions have been recently crash

tested in accordance with the guidelines in “"National Cooperative
Highway Research Program (NCHRP) Report 230." The initial test
results were unsatisfactory, marginal or inconclusive. Further tests
of improved designs were satisfactory. Common elements of the failed
systems included the following:

(1) A vertical concrete face or the toe of a concrete safety
shape barrier which came in contact with the vehicle whee)
resulted in snagging.

(2) Inadequate guardrail stiffening (such as standard guardrail
posts at 3 foot, 1%i-inch spacing) resulted in substantial
deflection of guardrail and subsequent snagging or poor
redirection of the vehicle.

OBJECTIVE. To provide information which will help identify existing

substandard guardrail transition designs and to describe new and updated

transition systems which have been successfully crash tested and are
acceptable for both retrofit and new construction.

DISTRIBUTION: Headquarters oPi:  HHS-10
Special: Regions 43 HNG-10

Divisions
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4. SUMMARY

a.

Almost all existing W-beam guardrail systems that connect directly to
a bridge rail without adequate blockouts or a rubrail near the bridge
connection should be considered unsatisfactory because they can result
in vehicle snagging, which in turn can contribute to a catastrophic
accident. Not only are these hazardous transitions between the
guardrail and bridge rail common, but many State standards still
detail the transition without adequate blockouts, rubrail, or other
features.

Crash tests have demonstrated that a stiffer guardrail transition to
the bridge rail is necessary. Stiffer transitions can. be accomplished
through reduced post spacing, larger posts, doubled (nested) rail
elements and other special features. Both new and retrofitted
transitions have been tested and several have proven satisfactory.
Examples of crashworthy designs are shown in Figures 1A, 1B, 2, 3A,
3B, 4 and 5. o

Crash testing of additional guardrail transitions is planned over the
next several years. It is anticipated that additional transition
designs will become available throughout this period.

5. RECOMMENDATIONS

a.

Standard drawings and plan sheets should be reviewed for adequacy
and upgraded or replaced, as needed, to prevent future construction of
known transition deficiencies.

A1l the transitions presented in this Technical Advisory are guardrail
attachments to vertical or nearly vertical concrete barrier ends.
Successful crash tests of guardrail transitions connected directly to
the concrete safety shape barrier have not been conducted.
Consequently, the transitions included in this Technical Advisory
should not be connected directly to a concrete safety shape barrier.
To use the transitions tested to date, the concrete safety shape
barrier must be transitioned to a vertical or flared back vertical
wall. Transitioning from the concrete safety shape barrier to a
vertical wall should not be abrupt. A 10-foot transition (as shown
in Figure 3C) is recommended.
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Most of the crashworthy transitions discussed in this Technical
Advisory require that special attention be given to designing drainage
features consistent with the transition selected. Coordination

will be required among those responsible for bridge rail, guardrail
and drainage design. For example, the use of more closely spaced
posts, as recommended, may require that special attention be given to
drainage inlet and pipe locations.

'Many of the ex%sting transitions previously reviewed are substandard

as compared to the treatments recommended in this Technical Advisory.
Consideration should be given to replacing or upgrading these
existing transitions as the opportunity becomes available.

New transition designs, modifications to existing designs or untested
existing designs should be verified as crashworthy by testing in
accordance with NCHRP Report 230 before implementation in the field.

6. RELATED TECHNICAL INFORMATION

a.

The following bridge guardrail transitions have been successfully
crash tested under the required conditions for a passenger car
(4,500-pound car at 60 mph and 25 degrees). '

(1)  W-Beam Guardrail Transitions. Three W-beam transitions were
crash tested with satisfactory results.

(a) Vertical Concrete Bridge Rail End (Figures 1A and 1B). An
older design simiTar to that shown in Figure A, except
lacking the rubrail, the double section of W-beam on the
top rail, and extra posts, was crash tested with
catastrophic results. The retrofit designs shown in
Figures 1A and 1B were tested and produced satisfactory
results. The critical features of these transitions
include:

1 Use of a fubrai].

2 Use of a double section of W-beam (one W-beam nested
inside the other) on the top rail near the guardrail
to bridge rail connection.

Jw

Additional posts.

| 4=

Construction of a vertical face bridge rail end at
the guardrail connection.

45



FHWA TECHNICAL ADVISORY T 5040.26
1988 ‘

January 28,

(b) Vertical Curvéd Back Concrete Bridge Rail End (Figure 2)

(c)

Bridge rails or bridge parapets that terminate by
curving or flaring back are also relatively common. The
bridge guardrail transition shown in Figure 2 was tested
and proven satisfactory.

1 The critical features of this transition include:

Use of a rubrail.

|

Additional posts.

|lor

Construction of a vertical face bridge rail end
flared or curved back at the guardrail connection.

(ke

These additional features reduce possible snag points

Iro

and gradually increase the strength and stiffness of the

guardrail as it approaches the bridge rail end, thus
reducing vehicle snagging and improving redirection
characteristics.

Vertical Flared Back Concrete Bridge Parapet (Figures 3A
and 3B).  The bridge guardrail transitions Shown in
Figures 3A and 3B provide another method of-connecting
guardrail to a vertical bridge parapet. The blocked out
W-beam guardrail transitions shown in Figure 3A and 3B
include the following critical features:

1 Additional posts.

2 Use of a double section of W-beam (one W-beam nested
inside the other) on the top rail near the guardrail
to bridge rail connection.

[

Flared back parapet wall as detailed in Figure 3C.

| 4

Use of a steel pipe section as a crushable block to
absorb energy and facilitate redirection of the
vehicle. (A wood block was found to be undesirable in
this transition because it was too rigid.)
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(2) Thrie Beam Guardrail Transitions. Two thrie beam transitions
were crash tested with excellent results. Each system smoothly
redirected the vehicle.

(a) Vertical Tapered Concrete Bridge Rail End (Figure 4). This

transition provides a large open space between the bridge
rail end and the first post which is suitable for a
drainage structure. The following features are critical:

1

LN)

3

Larger posts are used to compensate for the loss of
strength from not using closer spaced standard wood
posts.

Use of a double section of thrie beam (one thrie beam
nested inside the other) near the guardrail to bridge
rail connection.

Tapered parapet wall.

(b) Vertical Flared Back Concrete Bridge Rail End (Figure 5)

This transition includes the following critical features:

il
2

jewo

4

Additional posts.

Use of a double section of thrie beam (one thrie beam
nested inside the other) near the guardrail to bridge
rail connection.

Use of a steel pipe section as a crushable block to
absorb energy and facilitate redirection.

Flared back parapet wall as detailed in Figure 3C.

b. The following general features are also important in the performance
of the guardrail transition to the bridge rail or parapet end.

(1)

Adequate grading is essential to good safety performance. It is
recommended the area in front of all guardrail sections and
especially the area at guardrail transition to the bridge rail
end be relatively flat and clear.

(a) The roadway cross section slope in front of the guardrail
transition should be 10:1 or flatter.
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(b) Curbs, raised drop inlets, depressed inlets or any other
features that can trip a vehicle or initiate instability
should be avoided in this area. Flush drop inlets are
recommended. Inlets should be constructed to minimize
conflicts with the post spacing and the subsurface drainage
system.

(2) Adequate strength of the concrete bridge rail or parapet terminal
- to which the guardrail is connected is essential. This will
ensure that upon impact the concrete section does not dislocate
or rotate.

(3) Proper anchorage of the guardrail to the concrete bridge rail or
parapet terminal is essential. Use of a cast-in-place anchor
insert or a through bolt connection is recommended.

c. The attached drawings, in a format suitable for use on the Intergraph
CAD System, are available from the Federal Highway Administration,
Office of Engineering, Geometric and Roadside Design Branch, HNG-14,
400 Seventh Street, SW., Washington, D.C. 20590.

S o)t HOAA TRl

Thomas 0. Willett R. Clarke Bennett
Director, Office of Engineering Director, Office of Highway
' Safety
Attachments

48



FHWA TECHNICAL ADVISORY T 5040.26

January 28, 1988
ATTACHMENT 1

146! 49quede]
$150d QOOM
UVHENY HLIA NY3IE-A
aN3 Tivd 390148
J13UONOD TYILYIA
vl e.nbt4

9/09S ON

KO YYLSMNGY AVINOM TYY303J
HO1| Y 11O 451! LN Y4 SN

- —— ...t
2 el P
- - e --—-!

‘woeq
JoMo| S0/PUD SYI0N] Jomo| p
(& ®JON 99S) (£ /-21-) :
ounbor's puos s 3 Sio0q 4 (92-L.E1T £-5) s o10n 595 “mm“&
. - ) - 2
S o0 i (€-L.9-21=1E-9821E-3Y) (97-0.81T €-4)
PRINRS PpUo mo\t\b Jo{u0
8.0  pup °c °Z | $450d U0 J9Y[0 8] Bp(su| 88 duO MWid
PoID0L "S¥201q poom Wolkg °9 WDaq-M JO SUOJJO9S oM v —
“UO[IDI1DISU] 84D§{I1ID } Q -~ m -—
0} {99 § SO 3y Ul eq
days g Aow 110Jn3 XL °G. L

“Jouoldo s/ m m — } i | g M./
(£1-21-4) Staysom oo Jo oS % 2 4 O \ YV -

U0 SAYD SO0 _ J~— _ g~ aoid buj.ipeq A

(6/-8-34)

WIOF VG LV-0N-0 LHSWY 6
i A e uopoos. > 21 i o oo
PaIID3D SWAWaIO PIDPUDSS Of 110 gbmc:w v - O $900d5 § “W9-1 @ $800dS p XY 'S'H 8 10(€)-CE-)

34pfa.) Ssyp9I0d U 10X
SUOIDUISN oD o pront pJDpUDJS AIQUIdSSD JOYoUD [19SU[ 8§910U0Y)

T ot s o o 29 NOILOIS g-g NOILITS V¥ NOILOTS

. | GL-d) i _
! ot £ ® 1500 Poom ,0-,9%.g%,9—"

Sgcon& . ..
u\QEEzutmw mv @ amm.\\.nt

&1 0 adoys [001i13A D 0 9 @ . 401G pooM 2-1X.8X.9
DAUOYISUDIL 9q PINOYS SIILIIG

loys Ata0s 91e.10u0) “odoys o @ JOUDI ) JO —»
A1o DS 6j01u00 D 0f A10RJIp \ ..Q\ - 80\“:
P S Pns pue BSINYIIHL|_LSOd 'y,
U013UUaD 104 3iD1KI01ddD S| 9 X2l ’

VOlISUR 4 10 p10n0 SNL S¥2079 JOOM 134J0 Yl apISUf oS U0

TSN wy3g moLiog iy pazuonob poj (£2-0.9-2l- £-902]E-74)
YiMm UoJDI0I WO ) ¥o0[q 84N23S Wwoag-p JO SUO|joas om

VOJ§UU02 ({0Jp JONG

9

.mn\\

SITMS | oM
Wwing g vae 13X 084 .u:—w k2




1061 J9quedoy
$1S0d 1331S 9/D9S ON
TYHENY HLM NY3E-M - - -
ON3 vY 390149
J1IYINOD TVYIILYIA
‘g eunbjy

t
]
1
1
i

NOUYULSMNOY AYWHOM TYYI034

12838

28,

FHWA TECHNICAL ADVISCRY T 5040.26
ATTACHMENT 1

January

NOILVATTT

H e
J et

NOULYEOJSHYHL 30 LHIRLEYGX) 'ST ‘

Vi

Ao yo01q 0f pajoq %
3joyd dn-yo0q £ IS04 N '8

W8
woeq E T : T ¥

ol|ojele

- [ |\\
-1 | o

\ug\\Q\EQWkS\Qkﬂg\ _ l - ﬂl l 1. /u .
:Qsei@.\é.sss. 28- ‘
S\oﬁmn%vmm;momu xm,:,\ w,“o\%m%:u%%m (£/-£1-F) 7
VOLIDIIDISY] O4DIf}19D (> 9JON 99S) (¢ 2-cl-4) (6£-8-3Y)
011 £ ISOI i U] Juoq (£2-L.9-21-4£-,982 ]E-TY) (92-1:3] £-H)

s aq Aow jfosqns aff ‘9
. JYJ0 &{ apisu| 189S auo
-[paJnbas SO)E- . 2( //
SHOL Aol 1100 9 /e i (£ 90N 99S) 9 IS0d WD3q-M JO SUOJI0SS OM | l< -
PooUD 240 Sy201g “abuoyy sod 3 -
8yt vo Aauonbs ys of pejirp
16540 94D $¥20/q WOSq WRYOG °S — — A
srsom oo r 1 K
(£2-31-4) SI. ! 095N ¢ ﬁm Q\QE 00%\ N \M.On\ L @ < - w
FOUUNI0Y SN D Iod00) J v
/ X 9{o/d buyipaq 9
SLomoIof 103 Jo1308 KoMGAgY volioes (9/-C#] €-4) oL oo109q « 7%
pozipIopUIS 0} 9pINg v , Uf 1{DJpIDNY | —— - + | S\% S4oq ybno.yy
DO|[D13D SIUAWaLe PJOPUDIS 0f N - 590038 . - XS -CC-
o1012J SisayaInd uj pepirosd pJOPUDIS k £ 9@ 4 . \m.m 4 @ $8000S § fawe Y'SHa \u A0 (£L-£524) .
wcow.ﬁw@ww%%w\e&tw\&“ \.\\eu%gw@w : /QUIESSD JOYOUD [J3sU| 2/9.40U00)
SUOMDIDY J31110q PIOPUDIS *§ -0 NOILI3S g-8 NOILJ3S Vv NOILO3S
BUIpoof 1o0dw] [n 4 §d9290 0f YibUsls . 2 ' "
9/pnbapo jo 8¢ jsmu Siedosod
30p(sq puo Spus |(0J 90plig '

£
“YOJIOUU09 (01D JOND
oo yl 1o Rw\m E,H,E? X K4
ifSUDIL o pInoys sJeflibq
adoys K12 o5 ajo10u07) ‘adoys G BUDI Y 40 ___,
12 j0s 9812000 0 0f A1100J1D . - 130! = oS

DRIOBUU0D 3G JOU DINOYS PUD
odoys 943JNI00 100]4J9A %.“t JASSINYIIHL 1SOd : 6-,1
V0j03UU02 10} 3ID{Jd0NIdD S) hadid
UOIHISUDIY 110IPI0NG SN | G X w2

: SIION SY2079 goom (62-0/-d) ¥20/q..pup
AvY3g 01109 m& [994S O'6XIM

SIIPS N
wios | 1334 1Yo nvis | ow . | N

9

SHSHC)C,

-mnx\

Jayjo sy} apsu| j8s auo
ﬁMﬂNuN.amn\N\n=M.J@QN.NM.-M¢\
WDag-M JO SUOII09S oM [




FHWA TEUHNICAL ADVISORY T 5040.26

January 28, 1988
ATTACHMENT 2

T
Avuor RIN AY38-N oS N NOIIYAT13
ON3 vy 390148 3L3IHINOD
%IVE Q3AYND WIILY3A
2 94ndi4

NOUTNISIANOY ATAHOM WHITD
\J A ¥ °

it -~~~ eccecaaad

\\m = \\

«9
—tud

5001, x5 B o oos ap o1
% ] (9/--3Y4) \\
PSSO SQ 11DIS Y0015 PO 5 ouo1d G308 (€L-E1-4) (6£-8-3Y)
. (€ 9JON 99S) (£7-21-4)
O o Shihbas 9 ubronts | Sss0 °G (€1-0,9-21%/} 1-.£0p 1S-3) (94-[,21-E-)
‘UOJIDIIDISU] ejjIoD ) Of Jee) € ISD] ay §l

uf eq doys eq Aow |0.4qnJ el ¥o0[q poom
“Aljovoippy °sisod o} Buiioq 10} Che Ve  2-1 %8x8 7
A

sojoy jo bupound ppoads 9.iinbes
1104 doy §SI1} eyl PuD [{0JGNI Y | by — o

‘HOM JLIIUCD YIDG POAINY (0014 JIA !

&Y/ 01 pajosuu0l U S (10KNS ¥ L b W —

(££-21-4) $I84sOM o%%@%u% 'y g Y -~ ! ..lv\K N
\ gy . d buj.ioeq Y,
"0U[UIO) 8A(IDIed00) Uolj09s C (9L H]-E) _ Y-\ 9 9D} %%
Wior YL Q0N O LHSvY Bl /104p.10N9 _ z 5 555505 _ = by " yum $4j0q yonoyy
’ Bw\b%em.cmt%m\ %mwo M%.m“ pIOPUDIS NS £ _w%m-\ 0 v p X'S'H 8 10(£/-£€-4)
043, 3 pJ
o\w\m o %ﬁ& e 9 “%sw g 32IS TYNIWON JQUISSSD JOYIUD [19SU| 819.10U0)

SUODUBISSQ UOLH{SUDJY 1|0 IOND YOO1d QOOM .8X.8 g-9 NOILI3S Vv NO/LD3S

SNy dojarsp 0f pesn ueq Soy _
S.DMDIDY J3(1IDq PIDPUDIS 2 —u m&mml (9 9J0N 39S '
'S0u|w0ID 90 L—0IQ 9 m

pIopuD|S AOMYON DUJI0IDD YLION . " s )
U] PRIIDRP S| IOM 848JU00 YOG i | i | i
POAIND [0Q413A 3yp]xdosddo &y | ) ~ | E“ 1
110M 8[9JNI0D [DIf1JOA 1O 8dDyS b \\.ﬂ e \ gm\mv 9l !
S IS Jeupiy Jo

)

y, o

L 2
L 21
L v
=

]
?
51

9
K19 DS 34910500 D 0f A10RIIp 2. /" ‘ \
ey ey Al T Sy J:01 = 8d0/S
VOL0SUI09 10} ©4014d0.1ddD S| ; LA _
UOIISUDLL |104pIOND S L | olq N.me ,
. 1]

¢ SFION

6 b-/

— - (6/-01-d) Y0019 puD
.mwn i€ 150d (9915 O'6XIM

$4338 | ON o
1I¥0ud s | 0w
g0l




FHWA TECHNICAL ADVISORY T 5040.26

January 28, 1988
ATTACHMENT 3

1861 J0QWOdeQ
S1S0d QOOM
NV3E-A
13dvdvd 390148 JLIYONGD
NIVE Q3¥V14 IVILYIA
veE e.nbj4

HOULYSLSIINOY AYAHOM Y4314
SRV JHOJSNYHE SO LNINVINYA30

9/00S ON
NOILYATTT

G 9JON 89S

]
'
1
1
'
1
|
]
'
t
[}
¢
'
1
'
'
t
t
'
1
1
[
‘
1
1
|
]
'
‘
'
'
'
'

1
]
]
[]
]
'
1
1
1l
L]
!

L,
S
A |
Fmm e ————,
B |
|
[ |
e r————
PR |
IR

L

o ———— . —— o,

LRI

————

-

L \\ —
:@l\ T

] |

t i — L <

= L1\ |

f = = = —

5-8&3&\.\BEm-mm\i (£-E1-4)
(£ BlON 99S)(£/-gl~)  (E£2-£l-)

(9/-[.81] €-4) (£2-GI-4)— (6/-8-34)

r
[]
[}
]
]
[}
]
'
'
]
)

——ccmce——=d

]
]
1
]
]
[]
'
]

9

GN.DNNM-.&
vo papirosd 3D UOIHISUDIY ) .
oSVDL SN . q-M 4 il yi WId  aqny Jsopds 199is |
PornoId Ayl SD DOPUMILIOIRS {
{0U 31D [3DS pUD POOM T
40 8p0W $4N0-yo01g 'Woeq
1102p10N0 A} 0f AUO PRJIRNIIOD
S| 8qny Je00ds [834S M [ ‘b m m m @ @ @
(££-21-4) SIysom 9ipid jo 98 L U0J109S
e o - ——
. '2IOMDIDH 110y s31d0g fomybly  PJIDPUDIS .Y 1-£ @ 590005 ¢ 7%9-4 @ $90005 ™, /1€ ]
DIJIDIP SIS PIOPUDIS 0f
oo sisayasod ul papinoid Vv NOILITS ) .E\\s $H0q ybno.uyy
SUOHDUBISAF UOjLSUDI] 10IpI0NG g-9 NOILIFS XY°SH .m\m 10 (£/-£C-H)
St dorandp o) pasn uexq oy AIQUIBSSD IOYOUD 118SU] 849.10U07)
sod_poom ,0-,9X,.8X,9—
.Sﬁwwﬁwk&u%ww\wvﬁﬂsou #500_poom 0-,9X,8X,9
PINOYS $491110Q odoys A3 jos (6/-11-d)
D 0f A112941p POLIUU0O 9
iU pinoys n%N adoys 8foJ0u00 13/IDj 1 10
YoOq paJoj } [09}449A D Of [°0] = QQO\W —
voySUDIY 1(0IpIONG SK L |
¢t STION &l
{{ou pazjubADB” poy

&b-d 140 Y} 8pISU{ Jas auo

— (S92 .Y, -0k 1S-TY)
Wwoag-p Jo SuojI8s om |

52

© of aunbyy \mSQ Paz (UoADD QO 8INpayas
10 SIS ys01o U} pibli 00f g~ V -
*jouoyido st g v —
POZ|pJDPUDLS 01 9PINY ¥ , U] 840/d buipaq 5
2I0MPIDY 131110G DIOPUDIS ‘2 . (6/-11-d) ~a
01042007 ‘800YS K19 IDS 848I0UCO YO0Iq pooMm 2-,1X.8X .9
U0[0uU02 JOJ 3p]1d0IddD S|
] R TR T YJIM UOJDI0 W1 ) Y20Iq NS



.26

1988

ATTACHMENT 3

[ Io6 Jequeseq
S1S0d 13318
AV3IE-M

9Ip9s oN

MO YHISNIVIY Avande 63033
N-LVINOJSNTHL 40 INIMIHYA4I0 SN

13dvavd 390188 313YINOD ’ k : nonoonn NOIIYATTT
MIVE QYIS IVIILY3A ' ' o R R E R LT 5
8c 9.n0LJ : : R G SloN 89S
: : e
] ] ot
) ] "e

LN H LAY

I T e

=7

E 3 = e

- gy L | \ 4
(9/-0-34)
ajoid dn-yoog < (£ k-m\-ut% : am-m-wwtv

£ BION 89S) (£/2-g/-4)

(£2-0.9-21F %) I-.£3t]S-TH) (9/-[:2] €-4) ad(d pazjuoNDb OF 9INPYIS
w0 oot o T S 6075 X 1.9
adoys 34910000 i Jo SIDIEY G S0 8] 3p[Su] J8s 8uo wWid aqn | 1900ds (991S
oSOl SN WDaG-M JO SUOJD9S OM] |
JO SIS91 Us0Jo Ul pIbls 00f g — V -
Parosd Ay SO DOPUBUNIIOIRS -
o g lgais puo poon et = e s
1o S TS ST A B 0 2
10u0}do S g - -~
(£2-21-4) SI4som apid Jo Sf) °F P 14 L , .
“QIUUUIO) IA|ID.I5d00) Ho8S " \R 9/p/d bu|.iDaq .m\m

WIor Vg 1YV-0N-OLHSWY ‘6461 [[DIPIDNY <=1 JI-€ O s900ds ¢ ..v\n@-\.\ @ $9004S &' % [-£ yum sijoq ybnoyy

»QIDMDIDH |0Y 191410G oM e
pozip oputs. o oy v o P/PPUDIS X'S'H 8 10 (£)-£€-4)

P3|[DIOp SUUS3 pIDPUDIS Of
ey DivEuote AIQUISSD I0YouD 119SU| 9}8.12U07)

Syl dofprsp of pasn usq SOy
9IOMPIDY 13[JIDG PIOPUDIS ‘2

SUODUBISA “VO|SUDIL 1D IPJONG g-g9 NOILO3S Vv NOILIO3S

VOO0 110IpJOND &yi (0 odoys (6/-01-d) ¥00/q pup
1D9]L19A D 0f PAUO|I{SUDJY 6] .
DINOYS $1911109 R\Ew Ao jos sod [99is 06 x 9M

SN0 ‘adys N9 JOS 919 J00
0 0} AI2IP DRIINUOD

o Eﬁ% mewwv\w\u%gg o 180t} 10 9
VOII0RUU02 U0 Y 3wy sdosddo st . HOI 4 o
vojLsuo Iy 10PN SK | | /0] = QQQ\M.

t SIION b JAYJ0 Y} 9pSul [9s 8uo

(£L-0.9-21= v} I-,£041€-FH)

© FHWA TECHNICAL ADVISCRY T 5040

January 28,

O T T WD3q-M JO SUOJJO3S OM |

33




SORY T 5040.26

FHNA TECHNICAL ADVI
January 28, 1988
ATTACHMENT 3

1061 Jequedeg 9/00S oN
NOILISNVYL 3dVHS AL34VS
GNY 1IVYM 13dvivd
Ave omn<._.._
o8 e.nDi4
v vuLshono svaon wesess "INLIT YVa ONIDHOINITY
_ g9 Vv
Q-Q QQ\ tmm \&Q\ .bgwm sJ0g s§Jog siog §1089 siog sJjog
z_otumm 60 Lok Sob SOb b0 £op
wat |r ...__I a0l 1k . : £ o i J&m.
3 “. 08 »ov o9 L8 —"T | i g 3 j _.) 3 " ._.-..gM. ._l /_ .
N —— Y Sz |LL e ) . e ) Ty
4 108 Sop ._ ] _J T N N §
8 Sor—\4 b 3 & b4
3 \ U—108 g0» I
K o) i Ble :
EEAN W N
K] - ud ag
< ud o4 POJOU ISMINIO SSOIUN SI0Q b4 S[T FHON
NOILIYATTT
J [« 2 Y o +
N B R I e B e S EE s A EEC S e En oy 2 = M
REREERRE HnT N
IR EEEREERI I 15 Y
H =t —tbd b L LU Tl JIH LINOS! TIVMINIM L
- . IERY | XA N \ _4-
A SN R RN YR RN | SEEREN IR AR N - ~
1 EERE | SERPYEIIRRI(RRIN R _ 1
I O e R e N _.r&._-_;;m_-_,:: ? Pae
2 Emwv..* V- ﬁl: 2 )
T 005 10503 ]
WOISAS - JOYOUD WDIG B[y} JO WOSg-M
SIDPOWLIO0D 0f JUBWBIIO JUfad Isnf py NWTd
5 , 93 _ o3 |6
_/Il/.’ |
T3 o] R7)
G Mb
3§ J
74
1104 86p11q yoiow o4 edoys
»..u.n._n b,akzm 13%0ud nus | on

54




RY T 5040.26

FHWA TECHNICAL ADVISO

January 28, 1988
ATTACHMENT 4

R R r-
$1S0d QOOM
NV3IE ML

GN3 Tivd 39a148 3134IN0D

T emsoN [
'
!
Q3W3dvL WIILYIA !
:
]
"

L L NOILYATTT

NOUYNISINOY AVAHOH Tudd)d
A

VL 40 _IHMIEYA30°S'N _ \.\/\\\. PR

|

w (9/-/9-3)
(£L£14) (€2-§1-4)

bloXE X9
22 X8 X9

9 X8 X8 (9/-69-34)
. (b BlON 985) (€ -2/
9 X0 X0 (920,921, %)} 1-£0IEI-7H) (92-LiZ1E-3) (b SION 595, (4

SUOISUBWIP ¥20/q PUD SO JYJo 8] ap(suf 1os auo , NVId
woaq ajlyl Jo SU0l0as om '

Q|0|10|®

g - V.o

¥ I ™

o 511 0 umSS K-8 nmmw 6-8 K-8 59 &8 |l 1} 2

Ul PaljLIp 810 YO0Iq puD S0 °G , g Za _ 9~
“evoydo sy U0H23S — _ B
(£2-21-4) ssaysom aoid Jjo esn 'y [[DIPIDNY } } > " \R
D04{ui0) INID 160009 piopupis £-9 +Fil-£ @ $90005 ¢ £-9 A

R . \
" pazipaopuoss of 9pINg v . Ul g-g NOILI3S Yv NO/LJ3IS \

A ool Daopums of B reT—y— 9pid bu1IDaq 9% yum
sualuBlsaq Uojisuos {oJpsond isod poop— y %Mm.ﬂﬂ.ooh $HOq Ybrowyy Xy SH 8 .\

55

G onpiny sersit pamines ¢ (6.-11-d) Y
YOOIG POOM f1X.8X.9 22x.8%.9

"6u1p0oj o0duwy i 196000 0f YIBUBIIS
aqonbapo jo aq isnw siado.sod
90p1Iq puo spus |01 9bpLIG 2 JolD] 4 JO e
1301 = 8do|S

‘umoys so edoys
919J9U00 [D2]119A Y20Q PIJDI) D O} b-l
U0J00UI00 10} dj01sdoxddD S|
YOyIsu0IY J101pIONG SN | |

* SIION

9

kamw

JIou pazuoADb PO
YHM UO[DI0) WO ¥20Iq 81N09S

$1Im5

“ON
v N 1304 uvis | ow

J18YJ0 8yl apIsuy J9s auo
(94-0.9-21+%) 1-.£0k1£9-3Y)
. wosq ajyi "Jo SUo|joas om [




FHWA TECHNICAL ADVISORY T 5040.26

January 28, 1988
ATTACHMENT S

STSoq Goon 94005 o

Av3IQ 3HL

ON3 VY 390148 3L3YONOD

AIVE Q3HVI4 IWVIILYIA
G ound)4

NOILVATTT

G 9joN 89S

NOUVHISINRGY AVAHOM TYH3I0Ys
v B

P ey
——————————
b ]
L T p—— |

pocmcccccaaa,
I eerccce e

S
S

|
|

.
f e - ——t
e,
e asmannnn- -

A7 By, —

/8774

:Q\ |\\

56

(92-(,9-2I= %) I.£8H1£9-7Y) (€/-C1-o) (€2-C1-)
w0 papyosd 3.0 Uo}|SuDI} JYJ0 Y] BPISU] JoS U0 buol .6 x *q/l.9
10 sisey yspia U] piBls 00} g — V ~— Nid |
Jo Mbos w§.«8\m .Seww “ "
ot o 5 RS K |8 B BEIEET—
"GOO 9A1{DI8d00) /{DJp.IDNY }
P3zipJopunts of epIN9 v, U}
St dojarep o) pasn ueaq Soy (6 J-CG- J) = —_—
yJ J0 9doys |DI[1J9A D 0f . (6 /-GG-d)
Mo Jos 964209 0 0f A190.1(P +3-.9
UOJI2UV0D 104 iDj1do1ddD S|

(S 8JON 99S) (£/-2I-) (£2-21-4) (94-29-3Y)
8doys 8/9.40U0S &y) O SIiDI8g '
Wwpaq 8y} JO SUOIOBS OM [
penosd Ay SD papusi0e.
‘Jouoldo sy ‘
WIOT VG L-DN-0LHSWY ‘646! £ © s900d5 ¢ ' Y[9-] & $800G5 g 8/p/d bulivaq 8 yum
Pa3|[Ojop SIUsWald pJIOpUDIS [/}
9J0MPIDY J9)JIDG PIDDUDIS °Z N
PRUOYISUDIL 80 DINOYS $J01410Q
PojOUL0D B8q JoU PINMYS puD odoys Jolio14 Jo
vojsuo iy jjospsonb sy

agn | Jaopds 1991S
vopISUDIY SN
JOU 3D [39]S pUD POOM —— i -
(£4-21-4) Ssysom s jo asf) ¢ U000
<9I0MPIDH 110y I31110g OMDIH - p JDPUDIS $410q ybnowyl xay- S 1 A
B ey Brgent §-9 NOILD3S V-V NOILDIS
4s0d poom .9-,9x,8X,9—
*UOY[OaUU03 {(0.4p.JOND
edoys #1905 9joiuo) sy Y00Iq poom ,Z[0f-,/X,£X,9
9/940502 YIDQ PAJD| |00} JOA D Of 10l - ado /S
: SIION &-Z

J8yjo 8y apysuy jas suo
I (9L-0.9-21-.%) I-.£0HJC9-3Y)
N WDaq 81y JO SUJ9S oM |/

:Q |\N

$1IMS | ‘0N
o101 |12 LIroud dus ) ow




REFERENCES

H. E. Ross, Jr., D. L. Sicking, R. A. Zimmer, and J. D. Michie, “Recommended
Procedures for the Safety Performance Evaluation of Highway Features,” NCHRP
Report 350, Transportation Research Board, Washington, DC, 1993.

J. D. Michie, “Recommended Procedures for the Safety Performance Evaluation of
Highway Appurtenances,” NCHRP Report 230, Transportation Research Board,
Washington, DC, 1980.

King K. Mak, Roger P. Bligh, and Wanda L. Menges, “Testing of State Roadside
Safety Systems,” (final report in progress), FHWA Contract DTFH61-89-C-00089,
Research Study RF471470, Texas Transportation Institute and Federal Highway
Administration, McLean, Virginia 1996.

D. Lance Bullard, Jr., Wanda L. Menges, and Dean C. Alberson, “NCHRP Report 350
Compliance Test 3-11 of the Modified G4(1S) Guardrail With Timber Blockouts,”
FHWA Contract DTFH61-95-C-00090, Research Study 405421-1, Texas
Transportation Institute and Federal Highway Administration, McLean, Virginia
January 1996.

57






Royeiade HSR-20/9-97(650)QE






	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	63
	64
	65
	66
	67
	68

